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Abstract: Since 1960, the steppe regions of North Africa have been subject to an increasing desertification, 
including the degradation of traditional pastures. The initially dominant species (Artemisia herba-alba, Lygeum 
spartum and Stipa tenacissima) declined and were progressively replaced by other species (Afractylis serratuloides 
and Salsola vermiculata) that are more tolerant to the new conditions. It is not clear whether these changes 
are due to anthropogenic reasons or climatic determinism. We have carried out a statistical analysis of the 
climate to detect putative rainfall changes during the 20% century in the Algerian steppes based on data from 
9 meteorological stations, including 2 Saharan stations (E] Oued and Touggourt), 3 pre-Saharan stations 
(Biskra, Laghouat and Ain Sefra) and 4 steppe stations (Djelfa, Saida, Méchéria and El-Bayadh) located in 
the arid high plains, which represent the bioclimate diversities of the region. Previous studies suggested that 
significant rainfall changes for the 20 century only had records in the south of the Oran region. Most of 
the studies, however, looked at restricted territories over limited periods, and did not integrate the rainiest 
period 2004—2014. Our work is designed to integrate all the longest time series of meteorological data 
available for the steppe regions of Algeria. Our results confirm the spatial rainfall distribution (significant 
rainfall changes only recorded in the southwestern region) evidenced by previous studies, and reveal a 
decreasing rainfall gradient from northeastern to southwestern Algeria. Moreover, the results reveal a trend 
of significant decrease of rainfall in the southern Oran region, marked by two drought periods in 1980— 
1985 and 1999-2003. However, with the exception of the southwestern region, rainfall overall has not 
declined since the beginning of the 20" century. While less marked in other regions, the drought appear to 
have affected all territories of the Algerian steppe. Consequently, our study implies that the climate was not 
a leading influence in the on-going degradation of the vegetation cover of steppe landscapes. Such a 
vegetation evolution thus appears to be have been determined more by human activities than by climate 
forcing. 
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It is generally accepted that the causes of desertification are related to anthropogenic activities and 
environmental factors, mainly climate forcing. The relative importance of these factors has long 
been debated. An initial and enduring school of thought, enhanced by Le Houérou, focused on 
human activities. His paradigm can be summarized by two expressions: 'man-made deserts' and 
‘man is not the son but the father of deserts’ (Le Houérou, 1989; Reynolds et al., 2007). Another 
school of thought, based largely on the experience of drought in Sahel, considers that climate is the 
most decisive factor impacting rangelands both in the short (Nicholson, 2000, 2005; Herrmann et 
al., 2005a, b; Herrmann and Hutchinson, 2005; Gonzalez et al., 2012) and long term (Lhote, 1975; 
Muzzolini, 1993). 

Desertification is a great concern in North Africa, especially in Maghreb. Numerous researchers 
have discussed the roles of overgrazing and drought on desertification in the Saharan margins 
(Djebaili, 1978; Le Houérou, 1989, 1996; Aidoud et al., 1998; Nedjraoui, 2003; Benbrahim et al., 
2004; Hanafi and Jauffret, 2008; Hirche, 2010; Slimani et al., 2010). The Algerian steppe zone is 
the sheep homeland and plays a major economic role (Hirche et al., 2011; Hourizi et al., 2017). It 
is crucial to explore the causes and process of desertification. According to MARA (1974) and 
BNEDER (2006), the area of Algerian steppe increased from 2.0x107 to 27.0x107 hm? in about 25 
years. Studies (Djebaili, 1978; Le Houérou, 1989, 1996; Aidoud et al., 1998; Nedjraoui, 2003; 
Hirche, 2010; Slimani et al., 2010) suggested that the desertification was mainly caused by human 
activities, such as agriculture and grazing. 

However, previous studies produced no evidence of obvious climate change in Algeria between 
1900 and 1970 (Djellouli, 1981, Daget and Djellouli, 1991), which was also supported by Le 
Houérou (1996). Later studies (Meddi and Hubert, 2003; Meddi and Meddi, 2004, 2007, 2009a, b; 
Slimani et al., 2010) revealed that the drought periods started since the 1980s, which had dramatic 
consequences on the steppe rangelands, particularly in the southern Oran region of northwest 
Algeria). Based on the data from 8 meteorological stations from 1907 to 2003, Hirche et al. (2007) 
dealed with the evolution of annual precipitation at a larger spatial scale, and extended the interest 
to the entire arid steppe region of Algeria. The results show that only the southwestern Oran region 
displays a significant climate trend towards drought. If the aridification of the southern Oran region 
persists or increases, the predominance of the anthropozoic influence could be challenged. Climate 
could then be given the leading role as in the Sahel (Gagnol and Soubeyran, 2012). But the last 
decade was relatively wet in Algeria, which raises some questions: What is the present-day climate 
situation? Did these wet years change the decreasing trend observed by Hirche et al. (2007)? Has 
the rainfall trend changed since then? 

This study aims at updating the work of Hirche et al. (2007) by (1) extending the study period to 
1900-2015; (2) improving the statistical treatment; (3) reconsidering the year separating the two 
compared periods; and (4) identifying putative impacts of climate change on livestock, agriculture, 
and demography. 


2 Materials and methods 


2.1 Study area 


The study area (32°18'—-36°06'N, 01°41’'W—08°30’E; Fig. 1) covers the semi-arid, pre-Saharan, and 
Saharan bioclimates (Quézel et al., 1962), with mean annual precipitations of 200—400, 100-200, 
and <100 mm, respectively. The main climatic parameters influencing aridity in Algeria are rainfall 
intensity and frequency, which are conditioned by two geographical gradients. One is a north-south 
gradient, with rainfall decreasing southwards. Indeed, the Tell Atlas Mountain and the Saharan 
Atlas retain a large amount of water brought by clouds and leave the corridor area corresponding 
to the steppe relatively dry. Another one is the air masses dried by their displacement on the Spanish 
mainland, reach the North West Africa and spread to its eastern part., the air masses regain moisture 
as they move and result in greater rainfall in the eastern regions (Djellouli, 1981). 
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Fig. 1 Localization of the study area 


2.2 Data and methods 

2.2.1 Climate data 

Climate data back to 1900 from the 9 meteorological stations represent bioclimates in the study 
area. These stations are located in the arid and semi-arid regions of Algeria, including 2 Saharan 
stations (El Oued and Touggourt), 3 pre-Saharan stations (Biskra, Ain Sefra and Laghouat), and 4 
stations on the high plains (Djelfa, Saida, Mecheria and El Bayadh) (Fig. 1). The monthly rainfall 
data were observed during the period 1900-2014 and the data sources are presented in Table 1. 


Table 1 Climate data source 


Observation period Data source 

1900-1938 Food and Agriculture Organization of the United Nations (http://www.fao.org; Seltzer et al., 1946) 
Centre of Spanish Hydrographic Surveys 

1939-1961 Algerian Institute of Meteorology and Physics of the Globe 
National Oceanic and Atmospheric Administration (http://www.noaa.gov) 

1962-2014 National Office of Meteorology 


Climate data series are 100 years for El-Bayadh, Biskra, Djelfa and Saida (1914-2014), 101 
years for El Oued and Touggourt (1913-2014), 106 years for Mecheria (1907—2013) and 110 years 
for Laghouat (1900-2010). Some periods are lacking monthly or annual data series, especially 
during and just after the war of independence (1954-1962). Years comprising at least 4 missing 
monthly records and years comprising missing records in the rainy seasons were withdrawn. For 
other years (1 to 3 missing monthly records in the dry season), missing data were replaced by the 
average of the concerned month during the related periods of 1900-1973 (period 1) or 1973-2015 
(period 2) (Table 2). 

2.2.2 Agricultural and demographic data 


Data before independence (1962) were gathered from the Official Bulletin of the General 
Government of Algeria (1861—1926) and the Official Journal of Algeria (1927—1962). Since 1962, 
livestock and agricultural data were collected from the Agricultural Database of the Algerian 
Ministry of Agriculture (1962-2016), and the demographic data were taken from the National 
Statistics Office (ONS). The population data were from 1845 to 2015. Livestock and barley 
production cover the period 1901-2014. 
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Table 2 Bioclimates, geographical coordinates and periods of climate series used for each meteorological station 


Station Bioclimate Latitude Longitude Altitude(m) Period 1 Period 2 

El-Bayadh Semi-arid 33°40'N 01°00'E 1341 1914-1973 1974-2014 
Djelfa Semi-arid 34°20'N 03°23'E 1180 1914-1973 1974-2014 
Mecheria Semi-arid 34°31'N 00°17'W 1149 1907-1973 1974-2013 
Saida Semi-arid 34°52'N 00°09'E 750 1914-1973 1974-2014 
Ain sefra Pre-Saharan 32°46'N 00°36'W 1058 1901-1973 1974-2014 
Biskra Pre-Saharan 34°48'N 05°44'E 82 1914-1973 1974-2013 
Laghouat Pre-Saharan 33°77'N 02°93'E 765 1900-1973 1974-2010 
El Oued Saharan 33°05'N 06°12'E 63 1913-1973 1974-2014 
Touggourt Saharan 33°12'N 06°13'E 85 1913-1973 1974-2014 


2.2.3 Vegetation data 


Algeria is involved in the Sahara and Sahel Observatory/Long-term Ecological Survey 
Observatories Network (OSS/ROSELT), which aims to follow the evolution of vegetation in semi- 
arid areas. OSS/ROSELT notes that the Algerian steppe landscape was mainly dominated by alfa 
(Stipa tenacissima), esparto (Lygeum spartum) and sagebrush (Artemisia herbaalba) but the new 
vegetation units representing the regressive dynamics of the steppe region are dominated by some 
specific species, such as Atractylis serratuloides, Peganum harmala and Salsola vermiculata. The 
vegetation cover was generally greater than 25% in 1975, and the average perennial phytomass for 
herbaceous formations was around 1000, 650, 450, 280 and 307 kg dry mass/hm? in 1975, 1998, 
2004, 2010 and 2015 (ROSELT, 2005; Hourizi et al., 2017), respectively. 


2.3 Graphical analysis 


The rainfall evolution can be appreciated initially by a graphic visualization of inter-annual rainfall. 
The graphs would be based on raw data and smoothed data generated by moving averages (moving 
average over a period of five years). Smoothed averages reduce the amplitude of inter-annual 
fluctuations and produce sharper curves thus more clearly revealing the trends. 


2.4 Statistical analysis 


The putative existence of rainfall trends has been analyzed using nonparametric tests that are, in 
comparison with parametric tests, more robust and less sensitive to non-normality but even less 
powerful. However, in our case study, this gap was reduced by lengthening the series. Two 
statistical analyses, the Mann-Whitney and Mann-Kendall tests, were used. First, they aimed to 
improve the robustness of the climate trend study by adding a second statistical, nonparametric 
method (Mann-Whitney U-test) in addition to the Mann-Kendall test already used by Hirche et al. 
(2007). Second, we excluded a meteorological station, El-Kheiter, from the Hirche et al. (2007) 
database because of the unreliability of the records and added two supplementary pre-Saharan 
stations, Ain Sefra and Laghouat. Third, unlike Hirche et al. (2007) who divided their time series 
into two equally long periods by using 1960 as their limit, we used 1972-1973, previously 
evidenced as a break of stationarity of climate series. Fourth, we studied the putative impact of 
climate change on anthropogenic activities by comparing our climate data to socio-economic data. 
All statistical analyses were made using XLSTAT version 2014.4. 

2.4.1 Mann-Whitney U test 

The Mann-Whitney U test is an alternative form of the Wilcoxon Rank-Sum test for independent 
samples (Wilcoxon, 1945). It considers two samples U; and U2 defined as follows: 


ny (n + 1) 


U =nn,+ —R,, (1) 


n(n, +) e, (2) 


U, =n + 


where nı and m are the sizes of the first and second samples respectively; Rı and R2 are the adjusted 
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rank sum for U: and U2, respectively (with U=Min(Ui, U2)). 

To test the rainfall trend hypothesis, the earlier Wilcoxon version of the Mann-Whitney U test 
considers that the test is significant if the global observed value (U) is less than the critical threshold 
value (Ucrit), at the designated fixed level (a). Hence, the null hypothesis is rejected. However, the 
values of Ucrit for a=0.05 (two-tailed) are given in the Mann-Whitney Tables. 


2.4.2 The Mann-Kendall test 

The Mann-Kendall test calculates the average of the calculated series E(M) (Sprent, 1992). It 
includes calculating each term in the series, the number of previous terms that are inferior to it. M 
is the sum of the numbers thus calculated (Sneyers et al., 1998) and it corresponds to the number 
of values lower than E(M). In the case where there is no tendency, the average is equal to: 


__n(n-l) 
a : 


(3) 
where n is the number of data. 
And the associated variance is: 


3 2m 
o2 =e any (4) 


where n is the annual rainfall record (mm); and ø is the standard deviation (mm). 
The Mann-Kendall test is based on the statistical comparison between the average of series (X) 
and the average of the calculated series E(M): 
X-E(M 
= eS (5) 


o o 
where X is the average of the recorded series; and N follows a standard normal law. We then 
consider that the null hypothesis (HO) corresponds to the absence of trend and that H1 corresponds 
to the presence of the trend in the series. 

The difference between X and E(M) will be significant at the 95% confidence level if N is greater 
than 1.96, and highly significant at the threshold of 1% if N>2.57. Another way to conclude is to 
use the "P-value". Since the calculated P-value is below the level of a=0.05, one must reject the 
null hypothesis HO, and retain the alternative hypothesis H1. We can compare the computed N, the 
ponderate difference between X and E(M) to 1.96 (the first approach) or using the P-value (the 
second approach). It is this second approach that will be retained in this work. 

The continuity correction was applied. Ex-aequo was detected and the appropriate corrections 
have been made. The autocorrelation was taken into account using Hamed and Rao (1999). 


3 Results 


3.1 Climate data statistics 


Climate records from the 9 meteorological stations have been compiled in a matrix containing the 
calculated averages (Table 3). The total averages confirm the attribution of the stations to the 
different bioclimatic zones. The coefficient of variation is calculated by dividing the standard 
deviation by the average, which reveals a strong inter-annual variability. The highest coefficient of 
variations (52%—55%) were obtained for the Saharan stations El Oued and Touggourt, and for a 
pre-Saharan station, Biskra. The stations located in the high plains display lower coefficient of 
variations of 26%—41%. 


3.2 Century-scale rainfall trends 


For each geographical location, we visualized the results using line graphs to display the moving 
averages and to highlight the trend in each station. Figure 2 shows that three rainfall series of the 
eastern-most stations (Biskra, Touggourt and El Oued) have displayed similar trends since the 
beginning of the century. The figure shows alternating dry and wet periods in varied duration. The 
wet periods lasted not more 5 years and dry periods are not longer than 8 years. Hirche et al. (2007) 
found similar results. This visual analysis shows no obvious trend for these stations even though 
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they are located in different geographical locations. They nevertheless evidenced dry periods in 
1922-1925 (only shown in Biskra), 1943-1946, 1981-1985 and 2000-2003. 


Table 3 Rainfall characteristics of the meteorological stations 


Annual average rainfall (mm/a) 


Station CV (%) WRD (%) 
Total Period 1 (M1) Period 2 (M2) 
El-Bayadh 290.10 310.68 268.53 31.03 —15.69 
Djelfa 321.18 326.58 311.92 27.36 4.70 
Mecheria 264.22 290.40 229.09 41.77 —26.76 
Saida 395.45 428.17 350.03 26.18 —22.32 
Ain sefra 181.29 180.33 182.70 45.41 129 
Biskra 139.97 146.91 129.00 55.41 13.88 
Laghouat 171.60 174.06 166.86 38.70 —4.31 
El Oued 76.75 80.60 72.08 51.78 —11.82 
Touggourt 68.94 72.30 64.13 52.41 —12.74 


Note: CV, coefficient of variation; WRD, weighted relative difference between M1 and M2 ((M1—M2)x100/M1). 
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Fig. 2 Evolution of rainfall in the eastern stations of Biskra (pre-Saharan bioclimate), Touggourt and El Oued 
(Saharan bioclimate) 


In the southern Algiers region (Fig. 3), average annual rainfall of Djelfa (semi-arid) and 
Laghouat (pre-Saharan) show similar trends since 1940 but having different trends before. For the 
whole period, they both show very important inter-annual variations compared to the eastern 
stations (Fig. 2) which had no clear trend and recorded alternating wet and dry periods and 
evidenced several particularly long dry periods in 1940-1950, 1980-1985 and 1999-2004. The 
evolution in the westernmost pre-Saharan station of Ain Sefra is similar to Laghouat and to a lesser 
extent to Djelfa (Fig. 3), albeit characterized by longer dry periods (1935—1950, 1976-1988 and 
1995-2005). 

The stations in the southern Oran region (Mecheria, El-Bayadh and Saida) highlight a difference 
between the two periods separated by the year 1973 (Fig. 4). The first part of the century is clearly 
humid, with a moving average that is almost always above the average, standard gap with the 
exception of the dry period 1940-1950. The second half of the century appears much drier, 
especially from 1975 to 1990 and from 1999 to 2005. 
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Fig. 3 Evolution of rainfall in the central (Djelfa (semi-arid bioclimate)), and western stations (Laghouat and Ain 
Sefra (pre-Saharan bioclimate)) 


35 


a A x Saida `a: Mecheria `a; El-bayadh 
24 
14 
a 
J 
for) 
E 
cM 
a 
-14 
-27 i 
* 
3 T T T T T T T T T T T T T T T T T T T T T T 1 
© N © N © N © Nn 2 KA] > N © N o N © n © val © N © N 
© © - = N N mN M wt Tt N N oO oO > | co o0 Dn A & i=] peN = 
lon) ON loa an an an ON lon fon fon) an a oO ON an an On le>] ON © © © © © 
e i Oe Se e e e o Se e e o e TF o GR e e HH HR HRA ARQ 


Fig.4 Evolution of rainfall in the western stations (Saida, Mecheria and El-Bayadh (semi-arid bioclimate)) 


3.3 Statistical tests 
3.3.1 The Mann-Whitney test 


The Mann-Whitney test (Table 4) compares rainfall levels between before and after 1973. The 
obtained results show significant differences only for the stations of El-Bayadh, Mecheria and 
Saida in the southwest. The remaining stations present no significant difference between the two 
periods and consequently show no trend. 


3.3.2 The Mann-Kendall test 


The results of the Mann-Kendall test (Table 4) confirm the trends shown in Figures 2—4, and the 
results of the Mann-Whitney test. They are globally in agreement with those obtained by Hirche et 
al. (2007) with the exception of El-Bayadh. It should be noted that our results for this station are 


very close to statistical significance thresholds. Only two western stations, Mecheria and Saida, 
display a decreasing trend. 
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Table 4 Results of the Mann-Whitney (M-W) and Man-Kendall (M-K) tests performed on annual rainfall 
averages of periods 1 and 2 (see Table 1), compared to Hirche et al. (2007) results covering the period 1907—2004. 


Semi-arid bioclimate Pre-Saharan bioclimate Saharan bioclimate 
oe EB D Mh Sd AS Bk Lh EO Tg 
M-W U 1166.5 1251.0 1471.0 1714.0 1340.0 1320.5 1464.5 1224.5 1511.0 
Exp 924.0 1218.0 1134.0 1225.5 1376.0 1218.0 1462.5 1075.0 1268.5 
Var (U) 13,397.87 20,503.00 18,333.00 20,629.12 24,764.00 20,502.51 28,028.00 16,840.91 PETISE 
P-value 0.037 0.820 0.013 0.001 0.822 0.476 0.993 0.251 0.101 
HO R A R R A A A A A 
Result = ND * XE ND ND ND ND ND 
M-K N —440.0 13.0 -798.0 —880.0 —110.0 -302.0 -197.0 -253.0 —494.0 
Var (N) 57,933.33 109,417.00 99,813.33 109,416.00 126,732.66 112,746.00 153,957.66 64,651.00 69,416.67 
P-value 0.070 0.970 0.010 0.010 0.711 0.370 0.617 0.320 0.06 
HO A A R R A A A A A 
Result ND ND id es ND ND ND ND ND 
Hirche = ND ae žE ND ND ND ND ND 


Note: *, significant difference; **, very significant difference; ND, no significant difference; EB, El-Bayadh; Dj, Djelfa; Mh, Mecheria; Sd, Saida; AS, Ain 
Sefra; Bk, Biskra; Lh, Laghoua; EO, El Oued; Tg, Touggour; HO, null hypothesis; Hirche, Hirche et al., 2007; R, rejected; A, accepted; U, Mann-Whitney 
statistic; Exp, Expected value; Var (U), (U) Variance; N, Mann Kendall statistic; Var (N), (N) Variance. 


3.4 Interactions between climate, vegetation, and human population 


Figure 5 summarizes the evolutions of population, rainfall, livestock and barley production since 
the beginning of the 20" century in the Mecheria station (NW Algeria), which displays an obvious 
climate trend toward dryness. Demographic data between 1905 and 1962 is lacking because of 
unstable social conditions in the region. We note that, despite an overall decrease in rainfall, 
demographic, livestock and Barley production curves show clearly continuous increasing trends 
that are accentuated after 1962, with independence. 
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Fig. 5 Evolutions of population, rainfall, barely production and livestock (Mecheria station) 


4 Discussion 


4.1 Precipitation regime trend in the 20" century 


According to the previous results, the trend toward dryness seems less noticeable in the eastern 
stations. However, the curves of the western stations show a long drying trend. Indeed, Table 4 
shows an obvious trend toward dryness in the southern Oran region, evidenced from 3 climate 
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records, and a doubtful trend in the Saharan southern Constantine region, shown only by the 
ambiguous record of a single station (Touggourt). These regional differences were not sufficiently 
emphasized in the literature apart from some works, such as Meddi and Meddi (2009a) and Barakat 
and Handoufe (1998). Those studies suggest that the drought of arid lands increases towards the 
west. In fact, the central and eastern regions of Algeria do not seem to have been affected by such 
a significant drought over the long term. In the short term, the recurrence of drought periods is 
clearly more prominent after the 1970s in all stations, with different durations and intensities. 
Otherwise, the period 1942—1945 is considered to be the most important drought period during the 
first part of the century. This particularly dry period (1940—1950) is referred to as one of "misery 
and famine" coinciding with World War II. The latter half of the century is marked by two dry 
periods 1981—1989 and 1999-2005. The dry lengths vary depending on the stations. 

As long as the studied stations are located in different bioclimates zones, the results among 
stations are not comparable. From the north to south, the bioclimate varies gradually from humid 
to the arid. Bioclimatic variability is mostly related to the rainfall latitudinal gradient. 

Meddi and Meddi (2004, 2009a, b) found similar results showing drier conditions in the 
southwest with a greater probability of two consecutive dry years in the west than in the plains of 
the center. Laborde (1993), on the basis of a synthetic work, found that rainfall shows basically a 
regressive trend. Kadi (1992) shows that on average, 50%—60% of the meteorological stations are 
characterized by drought, which illustrates the spatial variability of rainfall between stations. 

A study on climate change in Tunisia (GTZ, 2005) did not show any trend over the last century. 
However, Kingumbi et al. (2001) found a pluviometry deficit of 10% to 35% and even 50% for the 
period 1999-2002, which should nuance the previous results. By contrast, Morocco seems 
particularly affected by the drought (Gravier and Weisrock, 1986; Meddi and Meddi, 2004). There 
is an expansion of dry farming over the past twenty years, which suggests the hypothesis of an 
aridification gradient towards the west. Even if the limited number of stations makes it difficult to 
claim the existence of a dryness gradient from the east to west, earlier results are coherent with this 
hypothesis. This gradient could be linked to the activity of the anticyclone of the Azores and of the 
North Atlantic oscillation. 


4.2 Spatial distribution of rainfall changes 


Different variation rates in rainfall can be distinguished. The lowest (<10%) are mainly observed 
in the southern region of Algiers: Djelfa (4.7%) and Laghouat (4.3%). Rates between 10% and 20% 
are observed in the southern Constantine region (Biskra, 13.9%; El Oued, 11.9%) and in the 
southern Oran region (El-Bayadh, 15.7%). All these stations are located in the pre-Saharan 
bioclimate, with the exception of El-Bayadh, located in a mountainous zone. The western steppe 
stations present rates exceeding 20% (Mecheria, 26.8%; Saida, 22.3%). Ghenim et al. (2014) found 
29% in the same region, and Meddi et al. (2010) found 20% in the Mitidja (Algiers region). Rates 
vary from 10% to 55% in Tunisia (Kingumbi et al., 2001; Gargouri et al., 2008) and from 8% to 
30% in Morocco (Sebbar et al., 2011) while Philippe (2007) found a variation between 10% to 20% 
in North Africa. These discrepancies can be explained by the heterogeneity in the choice of stations, 
reference periods and statistical tests. 

Some studies show a drying trend prior to the end of the 1980s (Daget and Djellouli, 1991) in 
Algeria, but reveal a break of stationarity of statistical series in 1970 (Meddi and Hubert, 2003). 
Other studies show that the western region was more affected by drought (Medjerab and Henia, 
2005; Meddi and Meddi, 2009b), Benabadji and Bouazza (2000) first noted the dry period was 
growing longer on ombrothermic diagrams. The same decreasing trend of rainfall has been 
identified in eastern Morocco adjacent to the southern Oran region (Mahyou et al., 2010; Mahyou, 
2012; Bechchari et al., 2015). 


4.3 Impact of climate change and human activities on steppe rangelands 


The field vegetation survey confirms the huge draught, especially during the 1980s. Alfa (Stipa 
tenacissima) and sagebrush (Artemisia herba-alba) rangelands have disappeared in southwestern 
Algeria and became rare in the other regions. At the same time, other species such as Atractylis 
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serratuloides and Salsola vermiculata have expanded in the study area (ROSELT, 2005). In such 
degraded areas, current plant cover rarely exceeds 15% (Hirche, 2010; Hourizi et al., 2017). 

While both rainfall and phytomass display decreasing trends at the century scale, Figure 6 
suggests that these two trends are not linked. Such a disconnection, which is not observed in the 
Sahel region (Gagnol and Soubeyran, 2012) reveals the influence of human activities. In fact, 
population in the region have increased since 1962 along with expanding livestock and barley 
production (Fig. 5). The phytomass of the Algerian steppes then seems to be triggered first by 
human activities and second by climate forcing. 
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Fig. 6 Evolution of rainfall and phytomass (Mecheria station) 


Rainfall increased in 2004—2015, which had a relatively positive impact on the Algerian steppe 
landscape (Hourizi et al., 2017). Biodiversity, biomass and vegetation cover increased slightly but 
not sufficiently to reverse the desertification process. 

The importance of the end-of-series in the general shape of the trend curve is well known 
(Leurion, 1975). This could explain, in part, the absence of drought trends at the century scale. The 
results show that recent wet years have reduced the sharpness of the drying trend in South Oran. If 
the coming years are still wet, it is likely that the drying trend disappears even in southern Oran. 
This highlights the relativity of the notion of trend and the importance of the investigated period. 
Ultimately, although there does not appear to be a statistically significant change in rainfall, the 
detailed study of its distribution shows that rainfall is irregular during the century and the frequency 
of droughts has increased in the last decades. 

The rangelands of the southern Oran region have a major economic importance since they are 
home to the main part of the national livestock. During the last thirty years, the difference between 
supply and demand for fodder resources has increased, leading to overgrazing which has directly 
impacted rangelands that have progressively declined. The southern Oran rangelands are 
continuous with the eastern Moroccan steppes, which have experienced the same trend of 
decreasing rainfall (Mahyou et al., 2010; Mahyou, 2012). 


5 Conclusions 


This work provides the first reconstruction of the 100-year evolution of rainfall (1900-2014) at the 
scale of the Algerian steppes, including the high plains, pre-Saharan, and Saharan regions. Despite 
limited available reliable meteorological data, which constrains the scope of our conclusions, the 
results are fairly convergent and seem consistent and show a decadal variability of rainfall in the 
entire steppe region, and a tendency to aridification only in the southwestern steppe region, with 
three particularly dry periods in 1940-1950, 1980-1985 and 1999-2004. Moreover, the period 
1900-1972 is generally more humid with wet periods alternating with dry periods more regularly, 
and the period 1973-2014 is drier. The regional vegetation degradation (expansion of grazing- 
tolerant plant formations replacing the initial steppes of alfa, esparto and sagebrush) consequently 
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appears not to have been triggered by climate change but rather by the strong contemporary increase 
in human activities, livestock and barley production. 
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